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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] The present invention relates to an alkaline battery separator, i.e., a separator for an alkaline battery, and a 
process for producing the same. 

10 2. Description of the Related Art 

[0002] An alkaline battery separator composed of a hydro-entangled nonwoven fabric containing fine fibers derived 
from dividable composite fibers has many fine voids formed between the fine fibers, and accordingly has an excellent 
electrolyte-holding capacity. 

15 [0003] For example, Japanese Unexamined Patent Publication (Kokai) No. 7-147154 discloses an alkaline battery 
separator prepared by imparting a hydrophilic property to a hydro-entangled nonwoven fabric composed of polyolefin 
fibers, which are mainly fine fibers, derived from polyolefin dividable composite fibers, and an alkaline battery separator 
prepared by adhering the hydro-entangled nonwoven fabric with polyolefin heat-sensitive-adhesive fibers having a 
lower melting point. The alkaline battery separators composed of mainly fine fibers derived from the dividable composite 

20 fibers have an excellent electrolyte-holding capacity. Further, the alkaline battery separator adhered with the polyolefin 
heat-sensitive-adhesive fibers has an excellent tensile strength. 

[0004] Nevertheless, the breaking strength of the alkaline battery separators disclosed in Japanese Unexamined 
Patent Publication (Kokai) No. 7-147154 is insufficient. For example, when the alkaline battery separators are rolled 
together with electrode plates upon assembling an alkaline battery, the separators are easily broken by the edges of 
25 the electrode plates. The separators also have the disadvantages of a low yield and an inconsistent battery perform- 
ance. 

[0005] Further, Japanese Unexamined Patent Publication (Kokai) No. 7-29561 discloses an alkaline battery sepa- 
rator composed of wet-laid hydro-entangled nonwoven fabric prepared by hydro-entangling (1) 60 to 80 % by weight 
of dividable composite fibers (fiber length = 5-15 mm) consisting of polyolefin polymer and ethylene vinyl alcohol 

30 polymer, (2) 20 to 30 % by weight of heat-sensitive-adhesive fibers, and (3) 10 - 20 % by weight of synthetic fibers 
(fiber length = 5-15 mm) having a denier larger than those of fine fibers derived from the dividable composite fibers 
and the heat-sensitive-adhesive fibers. The alkaline battery separator has an excellent electrolyte-holding capacity 
and tensile strength, but the hydrophilic nature of the alkaline battery separator is imparted only by the dividable com- 
posite fibers. Therefore, it is necessary to raise the ratio of the dividable composite fibers, and thus, the ratio of the 

35 synthetic fibers having a denier larger than those of the fine fibers and heat-sensitive-adhesive fibers is lower. As a 
result, some alkaline battery separators have an insufficient breaking strength. 

SUMMARY OF THE INVENTION 

40 [0006] Accordingly, the object of the present invention is to provide an alkaline battery separator having an excellent 
breaking strength, as well as practically sufficient tensile strength and electrolyte-holding capacity properties. 
[0007] Other objects and advantages will be apparent from the following description. 

[0008] In accordance with the present invention, there is provided an alkaline battery separator comprising a hy- 
drophilic nonwoven fabric obtainable by heat-fusing and hydro-entangling (1) polyolefin dividable composite fibers 

45 having an average fiber length of 20 to 60 mm, (2) high-strength fibers having an average fiber length of 30 to 60 mm 
and a fiber strength (tensile strength of fiber) of 5 g/denier or more, and (3) polyolefin heat-sensitive-adhesive fibers 
having an average fiber length of 30 to 60 mm, the polyolefin heat-sensitive-adhesive fiber containing a polyolefin 
adhesive portion having a melting point lower than a melting point of the polyolefin dividable composite fiber and lower 
than a melting point of the high-strength fiber, to obtain a heat-fused and hydro-entangled nonwoven fabric, and im- 

50 parting a hydrophilic property to the resulting heat-fused and hydro-entangled nonwoven fabric; the high-strength fibers 
accounting for 20 to 45 mass % with respect to a total mass of the polyolefin dividable composite fibers, the high- 
strength fibers and the polyolefin heat-sensitive-adhesive fibers. 

[0009] Further, in accordance with the present invention, there is provided a process for producing an alkaline battery 
separator comprising the steps of: 

55 

substantially uniformly admixing (1) polyolefin dividable composite fibers having an average fiber length of 20 to 
60 mm, (2) high-strength fibers having an average fiber length of 30 to 60 mm and a fiber strength of 5 g/denier 
or more, and (3) polyolefin heat-sensitive-adhesive fibers having an average fiber length of 30 to 60 mm, the 
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polyolefin heat-sensitive-adhesive fiber containing a polyolefin adhesive portion having a melting point lower than 
a melting point of the polyolefin dividable composite fiber and lower than a melting point of the high-strength fiber, 
to form a fiber web, the high-strength fibers accounting for 20 to 45 mass % with respect to a total mass of the 
polyolefin dividable composite fibers, the high-strength fibers and the polyolefin heat-sensitive-adhesive fibers; 
5 subjecting the resulting fiber web to a heat-fusing treatment and a hydro-entangling treatment to obtain a heat- 

fused and hydro-entangled nonwoven fabric, a sequence of the treatments being not specified; and then, 
imparting a hydrophilic property to the resultant heat-fused and hydro-entangled nonwoven fabric. 

BRIEF DESCRIPTION OF DRAWINGS 

10 

[0010] Figure 1 is a sectional view schematically illustrating a polyolefin dividable composite fiber which may be used 
for the alkaline battery separator according to the present invention. 

[001 1] Figure 2 is a sectional view schematically illustrating another polyolefin dividable composite fiber which may 
be used for the alkaline battery separator according to the present invention. 
15 [0012] Figure 3 is a sectional view schematically illustrating still another polyolefin dividable composite fiber which 
may be used for the alkaline battery separator according to the present invention. 

[0013] Figure 4 is a sectional view schematically illustrating still another polyolefin dividable composite fiber which 
may be used for the alkaline battery separator according to the present invention. 

[0014] Figure 5 is a sectional view schematically illustrating still another polyolefin dividable composite fiber which 
20 may be used for the alkaline battery separator according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0015] The polyolefin dividable composite fiber which may be used for the alkaline battery separator according to 
25 the present invention is composed of two or more polyolefin resin components which are orientated almost in parallel 
with a lengthwise direction of the composite fiber, in such a manner that the different resin components are brought 
into contact with each other. The polyolefin dividable composite fiber may be divided into fine fibers of different resin 
components by a treatment with a water jet or the like. 

[0016] The arrangement of the resin components in the polyolefin dividable composite fiber which may be used for 
30 the alkaline battery separator of the present invention is not limited. Examples of the arrangement of resin components 
will be described with reference to the drawings, when the polyolefin dividable composite fiber which may be used in 
the present invention is composed of two resin components. Figs. 1 and 2 illustrate a polyolefin dividable composite 
fiber 1 which is composed of a polyolefin resin component 11 and a different polyolefin resin component 12 and has 
a cross-sectional structure wherein the components are divided by straight (Fig. 1) or curved (Fig. 2) lines radiating 
35 from the center portion; Figs. 3 and 4 illustrate a polyolefin dividable composite fiber 1 which is composed of a polyolefin 
resin component 11 and a different polyolefin resin component 12 and has a cross-sectional structure wherein the 
components are divided by straight (Fig. 3) or curved (Fig. 4) lines radiating from the center portion, and one of the 
polyolefin resin components 11 and 12 is located in the center portion; and Fig. 5 illustrate a polyolefin dividable com- 
posite fiber 1 having a cross-sectional structure wherein polyolefin resin components 11 and 12 are laminated. The 
40 polyolefin dividable composite fibers having the cross-sectional structures as shown in Figs. 1 to 4 are preferable, 
because of a uniformity in the diameter of the fine fibers derived therefrom. 

[0017] The polyolefin resin components of the polyolefin dividable composite fiber may be, for example, polyethylene, 
polypropylene, ethylene-propylene copolymer, ethylene-butene-propylene copolymer, or ethylene-vinyl alcohol copol- 
ymer. The polyolefin dividable composite fiber may contain two or more polyolefin resin components and one or more 

45 other resin components, particularly only two or more polyolefin resin components. The combination of the polyolefin 
resin components is not limited, but the combination of polyethylene and polypropylene is preferable, and the combi- 
nation of high-density polyethylene and polypropylene is more preferable, because of an excellent resistance to alkalis 
and acids thus are provided. The polyolefin dividable composite fiber containing ethylene-vinyl alcohol copolymer as 
one of the polyolefin resin components can enhance electrolyte-holding capacity, adsorbability of oxygen in an over- 

50 charged state, and thus, performance with respect to an internal pressure of the battery. It is preferable to combine 
ethylene-vinyl alcohol copolymer, which enhances the internal pressure performance, with polypropylene having an 
excellent resistance to alkalis. 

[0018] An average fiber length (prior to division) of the polyolefin dividable composite fiber which may be used for 
the alkaline battery of the present invention is 20 to 60 mm, preferably 25 to 45 mm. When the average fiber length is 
55 less than 20 mm, some fibers may be broken when a fiber web is formed, or fine fibers cannot always be sufficiently 
entangled, and thus a sufficient tensile strength cannot always be obtained. When the average fiber length is more 
than 60 mm, the formation of a uniform fiber web becomes difficult, or sometimes even the formation of a fiber web 
becomes difficult. The term "average fiber length" used herein with regard to the fibers, such as the polyolefin dividable 
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composite fiber, means a mean value of fiber lengths of 1 00 fibers, such as 1 00 polyolefin dividable composite fibers, 
randomly sampled. The fiber length of the polyolefin dividable composite fiber is not changed after the division, and 
thus the average fiber length thereof is not changed after the division. 

[001 9] An average fiber diameter of the polyolefin dividable composite fiber which may be used for the alkaline battery 
5 of the present invention is not limited, but may be determined in accordance with the desired average fiber diameter 
of the fine fibers derived therefrom. The term "average fiber diameter" used herein with regard to the fibers, such as 
the fine fiber, means a mean value of fiber diameters of 100 fibers, such as 100 fine fibers, randomly sampled. The 
diameter of the fiber, such as the fine fiber, having a non-circular cross-sectional shape, means a diameter of a fiber 
having a circular cross-sectional shape with an area the same as the non-circular cross-sectional area thereof. 
10 [0020] The average fiber diameter of the fine fiber is not limited, but is preferably 1 to 1 0 ujti, more preferably 2 to 7 
urn. When the average fiber diameter is less than 1 urn, division of the polyolefin dividable composite fiber may some- 
times be insufficient. When the average fiber diameter is more than 10 urn, a sufficient electrolyte-holding capacity 
cannot always be obtained. 

[0021] The content of the polyolefin dividable composite fibers which may be used for the alkaline battery of the 

15 present invention is not limited. The polyolefin dividable composite fibers may account for 30 to 60 mass %, preferably 
35 to 55 mass %, more preferably 40 to 50 mass % with respect to a total mass of the polyolefin dividable composite 
fibers, the high-strength fibers and the polyolefin heat-sensitive-adhesive fibers. When the content is less than 30 mass 
%, a sufficient electrolyte-holding capacity cannot always be obtained. When the content is more than 60 mass %, the 
ratios of otherfibers drop, and thus the tensile and the breaking strengths may be lowered. When the polyolefin dividable 

20 composite fiber containing ethylene-vinyl alcohol copolymer is used, such a polyolefin dividable composite fiber pref- 
erably accounts for 5 to 40 mass %, more preferably 5 to 35 mass %, most preferably 1 0 to 30 mass %, with respect 
to a total mass of the polyolefin dividable composite fibers, the high-strength fibers and the polyolefin heat-sensitive- 
adhesive fibers. When the content is more than 40 mass %, a resistance to alkalis may be lowered. 
[0022] The high-strength fiber which may be used for the alkaline battery of the present invention is not limited, as 

25 long as the average fiber length Is 30 to 60 mm, preferably 35 to 45 mm, and the fiber strength, i.e., the tensile strength 
of fiber, is 5 g/denier or more, preferably 7 g/denier or more, more preferably 9 g/denier or more. As the high-strength 
fiber, general-purpose synthetic fibers, such as polypropylene, polyethylene, or polyamide, maybe used. Polypropylene 
may be preferably used, because of a long-term resistance to alkalis and acids, surface modifiability, fiber performance 
or the like. The fiber strength (the tensile strength of fiber) is measured In accordance with JIS (Japanese Industrial 

30 Standard) L1015, a testing methods for man-made staple fibers. 

[0023] When the average fiber length is less than 30 mm, fibers may be insufficiently entangled, and a sufficient 
break strength cannot always be obtained. When the average fiber length is more than 60 mm, a fiber web may be 
difficult to form. 

[0024] When the fiber strength Is less than 5 g/denier, a sufficient break strength cannot always be obtained. 
35 [0025] An average fiber diameter of the high-strength fiber is not limited, but preferably 8 to 30 ujti, more preferably 
12 to 25 ujti. When the average fiber diameter is less than 8 urn, a fiber web may be difficult to form. When the average 
fiber diameter is more than 30 urn, the number of the high-strength fibers is decreased , and therefore, the break strength 
may be lowered or the thickness may be difficult to adjust. 

[0026] It is preferable to use an ultra-high-strength polyethylene fiber having the fiber strength of 25 g/denier or more, 
40 more preferably 30 g/denier or more, as the high-strength fiber, because such an ultra-high-strength polyethylene fiber 
has also an excellent elasticity, and therefore, the separator may effectively avoid breakages caused by a tension 
applied during the assembly of the battery, a short circuit caused between electrodes via an electrode flash which 
breaks through the separator from one electrode to an other electrode, or tearing by an electrode edge. 
[0027] In the alkaline battery separator of the present invention, the high-strength fiber is used in an amount of 20 
45 to 45 mass %, preferably 25 to 40 mass %, more preferably 30 to 40 mass %, with respect to the total mass of the 
polyolefin dividable composite fibers, the high-strength fibers and the polyolefin heat-sensitive-adhesive fibers. The 
tensile strength of the alkaline battery separator of the present invention varies mainly with the entangled condition of 
fine fibers derived from the polyolefin dividable composite fibers and the fused condition of the polyolefin heat-sensitive- 
adhesive fibers. When the amount of the high-strength fibers is more than 45 mass %, a sufficient tensile strength 
so cannot always be obtained. When the amount of the high-strength fibers is less than 20 mass %, the ratio of high- 
strength fibers drop, and a sufficient break strength cannot always be obtained. 

[0028] The amount of the ultra-high-strength polyethylene fiber having a fiber strength of 25 g/denier or more which 
is used as the high-strength fiber is preferably 1 to 45 mass %, more preferably 5 to 40 mass %, with respect to the 
total mass of the polyolefin dividable composite fibers, the high-strength fibers and the polyolefin heat-sensitive-adhe- 
55 sive fibers. 

[0029] The polyolefin heat-sensitive-adhesive fiber which may be used in the alkaline battery separator of the present 
invention contains a polyolefin adhesive portion which has a melting point lower than a melting point of the polyolefin 
dividable composite fiber and lower than a melting point of the high-strength fiber. As the polyolefin adhesive portion, 
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there may be used, for example, polyethylene, polypropylene, ethylene-propylene copolymer, or ethylene-butene-pro- 
pylene copolymer. Low density polyethylene is preferable, because it has a low melting point and does not affect other 
fibers. 

[0030] The polyolef in heat-sensitive-adhesive fiber may be a wholly fusible fiber which consists essentially of a poly- 
5 olefin adhesive component, or a partially fusible fiber which contains two or more resin components and carries a 
polyolefin adhesive component on a fiber surface. As the wholly fusible fiber, there may be mentioned, for example, 
polyethylene or polypropylene fibers. As the partially fusible fiber, there may be mentioned, for example, a core/sheath 
type, side-by-side type, or eccentric type composite fiber. 

[0031] The average fiber length of the polyolefin heat-sensitive-adhesive fiber which may be used in the alkaline 
10 battery separator of the present invention is 30 to 60 mm, preferably 35 to 50 mm. When the average fiber length is 
less than 30 mm, or more than 60 mm, the formation of a fiber web may become difficult. 

[0032] The average fiber diameter of the polyolefin heat-sensitive-adhesive fiber which may be used in the alkaline 
battery separator of the present invention is not particularly limited but is preferably 12 to 25 ujn, more preferably 15 
to 21 u.m. When the average fiber diameter is less than 1 2 u,m, the formation of a fiber web may become difficult. When 
15 the average fiber diameter is more than 25 u,m, the number of heat-sensitive-adhesive fibers is decreased, and the 
number of fused sites is decreased, and thus the tensile strength sometimes is lowered. 

[0033] The content of the polyolefin heat-sensitive-adhesive fibers which may be used for the alkaline battery of the 
present invention is not limited. The poiyolefin heat-sensitive-adhesive fibers may account for 1 0 to 40 mass %, pref- 
erably 15 to 35 mass %, more preferably 20 to 30 mass % with respect to a total mass of the polyolefin dividable 

20 composite fibers, the high-strength fibers and the polyolefin heat-sensitive-adhesive fibers. When the content is less 
than 10 mass %, the tensile strength is sometimes lowered. When the content is more than 40 mass %, the ratios of 
the other fibers drop, and thus the electrolyte-holding capacity or break strength may sometimes be lowered. 
[0034] The alkaline battery of the present invention is composed of a hydrophilic nonwoven fabric which may be 
produced, for example, by the following process. 

25 [0035] The polyolefin dividable composite fibers, the high-strength fibers and the polyolefin heat-sensitive-adhesive 
fibers are substantially uniformly mixed to form a fiber web; the resulting fiber web is subjected to heat-fusion and 
hydro-entangling treatments in any sequence, to obtain a heat-fused and hydro-entangled nonwoven fabric; and a 
hydrophilic property is imparted to the resulting heat-fused and hydro-entangled nonwoven fabric to obtain the hy- 
drophilic nonwoven fabric. 

30 [0036] The fiber web may be formed, preferably by a dry-laid method. The dry-laid method may be a conventional 
method such as a carding or air-laid method. The constitutional fibers may be uniformly mixed by the dry-laid method. 
In the dry-laid method, longer fibers may be used as the constitutional fibers and therefore an excellent entanglement 
may be achieved and a high tensile strength obtained. 

[0037] In the step of forming the fiber web, it is preferable to prevent the polyolefin dividable composite fibers from 

35 dividing, and to prevent the polyolefin heat-sensitive-adhesive fibers from fusing. In general, however, it is very difficult 
to uniformly card the polyolefin dividable composite fibers, the high-strength fibers and the polyolefin heat-sensitive- 
adhesive fibers used in the present invention, in the dry-laid method. For example, if the polyolefin dividable composite 
fibers, particularly the polyolefin dividable composite fibers capable of producing fine fibers having a diameter of 1 to 
1 0 u,m, are simply carded in the dry-laid method, the fibers are divided and entangled to sometimes result in obtaining 

40 only a fiber web having an unsatisfactory texture or figure. Further, if the polyolefin heat-sensitive-adhesive fibers are 
simply carded in the dry-laid method, the fibers are fused by frictional heat and pressure to sometimes result in obtaining 
only a fiber web having an unsatisfactory texture or figure. The high-strength fibers have a high strength and a high 
stiffness. Therefore, if the high-strength fibers are simply carded in the dry-laid method, fiber lumps are liable to be 
produced to sometimes result in obtaining only a fiber web having an unsatisfactory texture or figure. 

45 [0038] In the preferable embodiment of the process of the present invention, the carding of the fibers is carried out 
after adding a lubricating oil to the fibers, and a fiber web having an excellent texture or figure can be formed in the 
dry-laid method. The amount of lubricating oil added is preferably 0.5 to 3 mass %, more preferably 0.6 to 2 mass %, 
with respect to a total mass of the fibers. When the amount of lubricating oil added is less than 0.5 mass %, a sufficient 
enhancement of the carding workability cannot always be obtained. When the amount of lubricating oil added is more 

so than 3 mass %, it sometimes becomes difficult to obtain a fiber web. The lubricating oil which may be used in the 
present invention is not limited, as long as it can achieve the desired purpose, but preferably an anionic lubricating oil, 
such as polyethylene glycol ester of a higher aliphatic acid, is used. 

[0039] Then the resulting fiber web may be optionally pre-fused as a part of the fusing step, or as a pre-treatment 
independently of the fusing step. The resulting fiber web, without or with pre-fusion, is hydro-entangled, whereby the 
55 polyolefin dividable composite fibers are divided into fine fibers composed of each resin component, and at the same 
time, the polyolefin dividable composite fibers and/or the fine fibers derived therefrom are entangled with the high- 
strength fibers and the polyolefin heat-sensitive-adhesive fibers to obtain a hydro-entangled nonwoven fabric or a pre- 
fused and hydro-entangled nonwoven fabric. When the fiber web is pre-fused before hydro-entangling, the fibers in 



5 



EP 0 834 938 B1 



the fiber web are tentatively fused to each other, and therefore, the movement of the polyolefin dividable composite 
fibers is more or less limited and the polyolefin dividable composite fibers can be easily divided. 
[0040] The hydro-entangling conditions.are not particularly limited, but the hydro-entangling may be carried out under 
conventional conditions. For example, a nozzle plate containing one or more lines of nozzles having a diameter of 0.05 

5 to 0.3 mm and a pitch of 0.2 to 3 mm may be used with a water jet under a pressure of 1 to 30 MPa. The hydro- 
entangling treatment may be carried out once, twice or more times, if necessary, to one side or both sides of the web. 
If the fiber web is hydro-entangled on a support, such as a net or a perforated panel containing large pores, the resulting 
hydro-entangled nonwoven fabric also has large pores. The alkaline battery containing such a nonwoven fabric is liable 
to cause a short circuit. Therefore, it is preferable to uses a square-weave or plain weave fabric net having fine pores 

10 (for example, 50 mesh or more), or a perforated panel having a pore-to-pore distance of 0.4 mm or less. 

[0041] The heat-fusing can be carried out by heating the fiber web or the hydro-entangled nonwoven fabric at a 
temperature which is higher than a melting point of the polyolefin adhesive portion in the polyolefin heat-sensitive- 
adhesive fibers, but lower than a melting point of the polyolefin dividable composite fiber, and lower than a melting 
point of the high-strength fiber. The heat-fusing can be carried out once, or more times, if necessary. When the heat- 

15 fusing is carried out two or more times, each treatment may be conducted under the same conditions, or partially or 
wholly different conditions. When the heat-fusing is carried out two or more times, a first fusing step corresponds to, 
or two or more steps with a first fusing step but without a final fusing step correspond to, the pre-fusing treatment. 
When the high-strength fiber used contains the ultra-high-strength polyethylene fiber, the heat-fusing is preferably 
carried out at a temperature below a softening point of the ultra-high-strength polyethylene fiber, for example below 

20 125 °C. 

[0042] The sequence of the heat-fusing treatment and the hydro-entangling treatment is not specified. The heat- 
fused and hydro-entangled nonwoven fabric can be obtained by carrying out one treatment, and subsequently the 
other treatment, or one treatment and then the other treatment, and thereafter, the first treatment under the same 
conditions or partially or wholly different conditions. For example, it is preferable to carry out the first pre-fusing treat- 
25 ment, then the hydro-entangling treatment, and thereafter the heat-fusing treatment, because the polyolefin dividable 
composite fibers in the pre-fused web can be then easily divided, and the tensile strength and stiffness can be enhanced 
in the second fusing treatment. 

[0043] The resulting heat-fused and hydro-entangled nonwoven fabric is fused with the polyolefin heat-sensitive- 
adhesive fibers, and thus has a high tensile strength and stiffness. 

30 [0044] The hydrophilic nonwoven fabric which may be used as the alkaline battery separator according to the present 
invention can be obtained by imparting a hydrophilic property to the heat-fused and hydro-entangled nonwoven fabric. 
The treatment used for imparting a hydrophilic property may be a sulfonating treatment, a treatment with fluorine gas, 
a graft polymerization treatment with vinyl monomers, a treatment with a surface- active agent, a treatment used to 
adhere hydrophilic resins, a discharging treatment, or the like. 

35 [0045] The sulfonating treatment contains, for example, but is not limited to, a treatment with fuming sulfuric acid, 
sulfuric acid, sulfur trioxide, chlorosulf uric acid, sulfuryl chloride, or the like. Of these treatments, the sulfonating treat- 
ment with fuming sulfuric acid is preferable, because of a high reactivity and an easier sulfonation obtained. 
[0046] The treatment with fluorine gas contains, for example, but is not limited to, a treatment with a gas mixture of 
fluorine gas diluted with an inactive gas (such as nitrogen or argon gas) and at least one gas selected from a group 

40 consisting of oxygen, carbon dioxide and sulfur dioxide gases. The hydrophilic property can be effectively and perma- 
nently imparted by adsorbing sulfur dioxide gas to the heat-fused and hydro-entangled nonwoven fabric, and then 
bringing the fabric into contact with fluorine gas. 

[0047] Examples of the vinyl monomer which may be used in the graft polymerization treatment are acrylic acid, 
methacrylic acid, acrylate, methacrylate, vinyl pyridine, vinyl pyrrolidone, styrene, or the like. When styrene is grafted, 
^5 it is preferable to further carry out the sulfonation treatment to impart an affinity to the electrolyte. Acrylic acid has a 
good affinity with an electrolyte and may be preferably used. 

[0048] The vinyl monomers can be polymerized, for example, by dipping the heat-fused and hydro-entangled non- 
woven fabric in a solution containing the vinyl monomers and an initiator, and heating; by coating vinyl monomers on 
the heat-fused and hydro-entangled nonwoven fabric and applying radiation; by applying radiation to the heat-fused 

50 and hydro-entangled nonwoven fabric and then bringing the fabric into contact with the vinyl monomers; by impreg- 
nating the heat-fused and hydro-entangled nonwoven fabric with a solution containing vinyl monomers and a sensitizing 
agent, and applying ultraviolet rays. The graft polymerization can be effectively carried out by treating the surface of 
the heat-fused and hydro-entangled nonwoven fabric with ultraviolet radiation, a corona discharge or a plasma dis- 
charge before bringing the nonwoven fabric into contact with the vinyl monomer solution, to enhance the affinity with 

55 the vinyl monomersolution and easily generate radicals through polar hydrophilic groups produced in the pre-treatment. 
The graft polymerization treatment with vinyl monomers can be carried out under mild conditions in comparison with 
the sulfonation treatment, and the treatment per se has very little affect on the fiber strength, and therefore, is preferable 
in view of the fiber strength. 
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[0049] The treatment with a surface-active agent may be carried out by applying, for example, spraying or coating, 
a solution of an anionic surface-active agent (such as an alkali metal salt of a higher fatty acid, alkyl sulfonate, or a 
salt of sulfosuccinate) or a nonionic surface-active agent (such as polyoxyethylene alkyl ether, or pofyoxyethylene 
alkylphenol ether) to the heat-fused and hydro-entangled nonwoven fabric, or dipping the nonwoven fabric in the so- 
lution. 

[0050] The treatment by which a hydrophilic property is imparted can be carried out by adhering hydrophilic resins, 
such as carboxymethyl cellulose, polyvinyl alcohol, or polyacrylic acid, to the heat-fused and hydro-entangled nonwo- 
ven fabric. The hydrophilic resins may be adhered to the nonwoven fabric, by spraying or coating a solution or dispersion 
of the hydrophilic resins in an appropriate solvent or dispersant, or dipping the nonwoven fabric in the solution or 
dispersion, and then drying. 

[0051] Further, the treatment by which a hydrophilic property is imparted can be conducted by adhering cross-linked 
polyvinyl alcohols to the nonwoven fabric. The cross-linked polyvinyl alcohol can be formed, for example, by cross- 
linking a photosensitive polyvinyl alcohol substituted by a photosensitive group at a part of hydroxyl groups of the 
formula: 




wherein R 1 represents a quaternized nitrogen-containing aromatic heterocyclic group, R 2 represents a hydrogen atom 
or alkoxyl group, m is o or 1 , and n is an integer of 1 to 6, or an acylated derivative thereof prepared by acylating a 
part of hydroxyl groups of the photosensitive polyvinyl alcohol. 

[0052] Partial structures of photosensitive polyvinyl alcohols, such as those substituted by a photosensitive group, 
are as follows: 

(1) Photosensitive polyvinyl alcohols having a photosensitive styryl pyridinium group: 



/ 
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(3) Photosensitive polyvinyl alcohols having a photosensitive styryl benzothiazolinium group: 
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[0053] The photosensitive acylated polyvinyl alcohol is, for example, a photosensitive acylated polyvinyl alcohol 
having a photosensitive styryl pyridinium group, a partial structure of which is as follows: 



/ 

CH 2 
\ 



hc — q 




CH — 0 C CH 3 




[0054] The cross-linked polyvinyl alcohols can be adhered to the heat-fused and hydro-entangled nonwoven fabric, 
for example, by (1) dissolving or dispersing the cross-linking photosensitive polyvinyl alcohols or the cross-linking 
photosensitive acylated polyvinyl alcohols, (2) dipping the nonwoven fabric in the resulting solution or dispersion, or 
spraying or coating the resulting solution or dispersion on the nonwoven fabric, (3) drying the solution or dispersion 
on the nonwoven fabric, and (4) radiating with light to cause a cross-linking reaction. 
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[0055] The cross-linking reaction of the photosensitive polyvinyl alcohols proceeds, for example, as shown in the 
following schema: 




20 [0056] Of the above hydrophilic resins, cross-linked polyvinyl alcohols formed by cross-linking the photosensitive 
polyvinyl alcohols or photosensitive acylated polyvinyl alcohols having a photosensitive group, such as styryl pyridin- 
ium, styryl quinolinium or styryl benzthiazolinium group may be preferably used. This is not only because they have 
an excellent resistance to alkalis, but also because they contain functional groups, i.e., hydroxyl groups, which can 
form a chelate with an ion, and thus the functional groups can form chelates with ions before the ions deposit on 

25 electrodes in the form of branches, during charging and/or discharging, to thereby effectively prevent a short circuit 
between the electrodes. The amount of hydrophilic resins adhered is preferably 0.3 to 1 mass % with respect to the 
mass of the separator, so as not to affect the air-permeability. 

[0057] As the discharging treatment, there may be mentioned, for example, treatments with a corona discharge, 

plasma discharge, glow discharge, surface discharge, or electron rays. 
30 [0058] The density per unit area of the separator of the present invention is preferably 30 to 1 00 g/m 2 , more preferably 

40 to 80 g/m 2 . When the density per unit area is less than 30 g/m 2 , a sufficient tensile strength may not be obtained. 

When the density per unit area is more than 1 00 g/m 2 , it may become difficult to obtain a battery with a high capacity. 

[0059] The alkaline battery separator of the present invention has a tensile strength, electrolyte-holding capacity and 

break strength sufficient to enable the assembly of a battery, and therefore may be used as a separator for an alkaline 
35 primary or secondary battery. As the alkaline primary battery, there may be mentioned, for example, an alkaline-man- 

ganese battery, a mercury battery, a silver oxide battery, an air battery, or the like. As the alkaline secondary battery, 

there may be mentioned, for example, a nickel-cadmium battery, silver-zinc battery, silver-cadmium battery, nickel-zinc 

battery, nickel-hydrogen battery or the like. 

40 Examples 

[0060] The present invention will now be further illustrated by, but is by no means limited to, the following Examples. 
Example 1 

45 

[0061] Dividable composite fibers (linear density = 0.14 mg/m; fiber length = 38 mm) which have a cross-sectional 
structure, as shown in Fig. 3, wherein polypropylene components capable of producing fine fibers having a fiber diam- 
eter of 4.3 u.m, and high-density polyethylene components capable of producing fine fibers having a diameter of 4.2 
urn, radiate from the center portion, and divided into 8 portions, respectively, and a circular polypropylene component 

so capable of producing a fine fiber having a diameter of 2.5 urn is located in the center portion, eccentric heat-sensitive- 
adhesive composite fibers (linear density = 0.22 mg/m; fiber length = 45 mm; fiber diameter = 17.6 u.m) composed of 
a core component of polypropylene and a sheath component of low-density polyethylene, and high-strength polypro- 
pylene fibers (linear density = 0.1 7 mg/m; fiber length = 45 mm; fiber diameter = 1 5.3 u.m) having a fiber strength of 5 
g/denier were mixed at a mass ratio of 60:20:20, and 1 .5 mass % (with respect to the total mass of mixed fibers) of a 

55 lubricating oil of polyethylene glycol ester of a higher aliphatic acid was added to the fibers. Then, the fibers were 
carded by a carding machine to form a parallel-laid fiber web. The resulting fiber web was heated at 1 28°C to pre-f use 
only the low-density polyethylene of the eccentric heat-sensitive-adhesive composite fibers. The pre-fused web was 
mounted on a square-weave net of 80 mesh, and hydro-entangled with a water jet having a hydraulic pressure of 9.8 
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MPa, using a nozzle plate having a nozzle diameter of 0.13 mm and a pitch of 0.6 mm, twice each side for both sides. 
Thereafter, the web was heated at 130°C, to fuse only the low-density polyethylene of the eccentric heat-sensitive- 
adhesive composite fibers and thereby obtain a heat-fused and hydro-entangled nonwoven fabric. The resulting heat- 
fused and hydro-entangled nonwoven fabric was calendered under a linear pressure of 9.8 N/cm, and then treated 
5 with fluorine gas, using a gas mixture of fluorine, oxygen and sulfur dioxide gases, to obtain an alkaline battery separator 
(area density = 60 g/m 2 ; thickness = 0.15 mm) of the present invention. 

Example 2 

10 [0062] The procedure disclosed in Example 1 was repeated, except that a mass ratio of the dividable composite 
fibers, eccentric heat-sensitive-adhesive composite fibers and high-strength polypropylene fibers was 50:20:30, to 
obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.15 mm) of the present invention. 

Example 3 

15 

[0063] The procedure disclosed in Example 1 was repeated, except that a mass ratio of the dividable composite 
fibers, eccentric heat-sensitive-adhesive composite fibers and high-strength polypropylene fibers was 40:20:40, to 
obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.15 mm) of the present invention. 

20 Example 4 

[0064] The procedure disclosed in Example 1 was repeated, except that a mass ratio of the dividable composite 
fibers, eccentric heat-sensitive-adhesive composite fibers and high-strength polypropylene fibers was 40:25:35, to 
obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness =0.15 mm) of the present invention. 

25 

Example 5 

[0065] The procedure disclosed in Example 4 was repeated, except that polypropylene fibers having a fiber strength 
of 9 g/denier, a linear density of 0.22 mg/m, a fiber length of 45 mm, and a fiber diameter of 1 7.7 p.m were used as the 
30 high-strength fibers to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.15 mm) of the present 
invention. 

Example 6 

35 [0066] The procedure disclosed in Example 1 was repeated, except that polypropylene fibers having a fiber strength 
of 9 g/denier, a linear density of 0.22 mg/m, a fiber length of 45 mm, and a fiber diameter of 1 7.7 jim were used as the 
high-strength fibers to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.15 mm) of the present 
invention. 

40 Example 7 

[0067] The procedure disclosed in Example 2 was repeated, except that polypropylene fibers having a fiber strength 
of 9 g/denier, a linear density of 0.22 mg/m, a fiber length of 45 mm, and a fiber diameter of 1 7.7 jim were used as the 
high-strength fibers to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.1 5 mm) of the present 
45 invention. 

Example 8 

[0068] The procedure disclosed in Example 3 was repeated, except that polypropylene fibers having a fiber strength 
50 of 9 g/denier, a linear density of 0.22 mg/m, a fiber length of 45 mm, and a fiber diameter of 1 7.7 \im were used as the 
high-strength fibers to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.1 5 mm) of the present 
invention. 

Example 9 

55 

[0069] Dividable composite fibers (linear density = 0.33 mg/m; fiber length = 38 mm) which have a cross-sectional 
structure, as shown in Fig. 1 , wherein ethylene-vinyl alcohol copolymer components capable of producing fine fibers 
having a fiber diameter of 4.8 jim, and polypropylene components capable of producing fine fibers having a diameter 
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of 5.4 u.m radiate from the center portion, and divided into 8 portions, respectively [at an amount of 20 mass %]; dividable 
composite fibers the same as those used in Example 1 except for a fiber length of 25 mm [at an amount of 20 mass 
%]; eccentric heat-sensitive-adhesive composite fibers the same as those used in Example 1 except for fiber length 
of 38 mm [at an amount of 25 mass %]; and high-strength polypropylene fibers (linear density = 0.22 mg/m; fiber length 

5 s 45 mm; fiber diameter = 17.7 u,m) having a fiber strength of 9 g/denier [at an amount of 35 mass %] were mixed, and 
1 .5 mass % (with respect to the total mass of mixed fibers) of a lubricating oil of polyethylene glycol ester of a higher 
aliphatic acid was added to the fibers. Then, the fibers were carded by a carding machine to form a parallel-laid fiber 
web. The resulting fiber web was heated at 125°C to pre-fuse only the low-density polyethylene of the eccentric heat- 
sensitive-adhesive composite fibers. 

10 [0070] Then, a hydro-entangled fiber web was formed in accordance with the procedure disclosed in Example 1, 
except that a water jet having a hydraulic pressure of 12.7 MPa was used. Thereafter, the web was heated at 125°C 
to fuse only the low-density polyethylene of the eccentric heat-sensitive-adhesive composite fibers, to thereby obtain 
a heat-fused and hydro-entangled nonwoven fabric. The resulting heat-fused and hydro-entangled nonwoven fabric 
was calendered under a linear pressure of 9.8 N/cm, and then treated with fluorine gas, using a gas mixture of fluorine, 

15 oxygen and sulfur dioxide gases, to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.1 5 mm) 
of the present invention. 

Example 10 

20 [0071] Dividable composite fibers the same as those used in Example 1 except for a fiber length of 25 mm [at an 
amount of 40 mass %], eccentric heat-sensitive-adhesive composite fibers the same as those used in Example 1 
except for a fiber length of 38 mm [at an amount of 25 mass %], high-strength polypropylene fibers (fiber strength = 9 
g/denier; linear density = 0.22 mg/m; fiber length = 45 mm; fiber diameter = 17.7 u.m) [at an amount of 25 mass %], 
and ultra-high-strength polyethylene fibers (fiber strength = 33 g/denier; linear density = 0.11 mg/m; fiber length = 38 

25 mm; fiber diameter =12.1 |im) [at an amount of 1 0 mass %] were mixed, and 1 .5 mass % (with respect to the total 
mass of mixed fibers) of a lubricating oil of polyethylene glycol ester of a higher aliphatic acid was added to the fibers. 
Then, the fibers were carded by a carding machine to form a parallel-laid fiber web. 

[0072] The resulting fiber web was heated at 115°C to pre-fuse only the low-density polyethylene of the eccentric 
heat-sensitive-adhesive composite fibers. 

30 [0073] Then, a hydro-entangled fiber web was formed in accordance with the procedure disclosed in Example 1, 
except that a water jet having a hydraulic pressure of 12.7 MPa was used. Thereafter, the web was heated at 115°C 
to fuse only the low-density polyethylene of the eccentric heat-sensitive-adhesive composite fibers, to thereby obtain 
a heat-fused and hydro-entangled nonwoven fabric. The resulting heat-fused and hydro-entangled nonwoven fabric 
was calendered under a linear pressure of 9.8 N/cm, and then treated with fluorine gas, using a gas mixture of fluorine, 

35 oxygen and sulfur dioxide gases, to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness =0.15 mm) 
of the present invention. 

Comparative Example 1 

40 [0074] The procedure disclosed in Example 1 was repeated, except that the dividable composite fibers used in Ex- 
ample 1 and the eccentric heat-sensitive-adhesive composite fibers used in Example 1 were mixed at a mass ratio of 
80:20, instead of mixing the dividable composite fibers, eccentric heat-sensitive-adhesive composite fibers and high- 
strength polypropylene fibers, to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.1 5 mm). 

45 Comparative Example 2 

[0075] The procedure disclosed in Example 1 was repeated, except that a mass ratio of the dividable composite 
fibers, eccentric heat-sensitive-adhesive composite fibers and high-strength polypropylene fibers was 70:20:10, to 
obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.15 mm). 

50 

Comparative Example 3 

[0076] The procedure disclosed in Example 1 was repeated, except that a mass ratio of the dividable composite 
fibers, eccentric heat-sensitive-adhesive composite fibers and high-strength polypropylene fibers was 30:20:50, to 
55 obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.15 mm). 
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Comparative Example 4 

[0077] The procedure disclosed in Example 2 was repeated, except that 30 mass % of polypropylene fibers having 
a fiber strength of 4 g/denier was used instead of high-strength polypropylene fibers having a fiber strength of 5 gf 
5 denier, to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.15 mm). 

Comparative Example 5 

[0078] The procedure disclosed in Example 4 was repeated, except that polypropylene fibers (fiber strength = 4 g/ 
10 denier; linear density = 0.22 mg/m; fiber length = 45 mm; fiber diameter = 1 7.7 u,m) were used instead of high-strength 
polypropylene fibers having a fiber strength of 5 g/denier, to obtain an alkaline battery separator (area density = 60 g/ 
m 2 ; thickness = 0.15 mm). 

Comparative Example 6 

15 

[0079] A fiber web was formed by a wet-laid method from a slurry containing 45 mass % of d'rvidable fibers, capable 
of producing ethylene-vinyl alcohol copolymer fine fibers, which dividable fibers are same as those used in Example 
9 except for a fiber length of 6 mm, 30 mass % of high-strength fibers the same as those used in Example 5 except 
for a fiber length of 10 mm, and 25 mass % of eccentric heat-sensitive-adhesive composite fibers the same as those 
20 used in Example 1 except for a fiber length of 1 0 mm. Thereafter, a heating treatment, a dividing-entangling treatment, 
a heating treatment, a calendering treatment, and a fluorine gas treatment were carried out by repeating the procedure 
disclosed in Example 9, to obtain an alkaline battery separator (area density = 60 g/m 2 ; thickness = 0.15 mm). 

Evaluation of Properties 

25 

(1) Capacity for holding electrolyte under pressure 

[0080] Each of the alkaline battery separators prepared in Examples 1 to 10 and comparative Examples 1 to 5 was 
cut into a disc having a diameter of 30 cm. The disc was placed at 20 °C under a relative humidity of 65 % so that the 

30 moisture content was equilibrated. Thereafter, the mass (m 0 ) was measured. Then, the disc was dipped in an aqueous 
potassium hydroxide solution having a specific gravity of 1 .3 (at 20 °C) for 1 hour, to replace air in the disc with the 
potassium hydroxide solution. The disc holding the potassium hydroxide solution was sandwiched between six filter 
papers having a diameter of 30 cm (three papers on each side) and a pressure of 5.7 MPa was applied for 30 seconds 
by a pressure pump. Then the mass (nr^) of the pressed disc was measured. The capacity (X; %) for holding electrolyte 

35 under pressure was calculated from the equation: 

X = [(m 1 -m 0 )/m 0 ]x 100 

40 [0081] The average values obtained from four measurements for each alkaline battery separator were as shown in 
Table 1. 

(2) Tensile strength 

45 [0082] Each of the alkaline battery separators prepared in Examples 1 to 1 0 and comparative Examples 1 to 6 was 
cut into a belt having a width of 50 mm. The belt was set on a tensile tester (TENSILON UCT-500; manufactured by 
ORIENTEC, Co.), and a tensile strength (unit = N/50 mm width) measured at a chuck-to-chuck distance of 100 mm 
and a pulling rate of 300 mm/m. The results were as shown in Table 1 . 

50 (3) Index of resistance to penetration 

[0083] An index of resistance to penetration was measured by a handy-type compression tester (KES-G5; manu- 
factured by KATO TECH Co., Ltd.). A laminate having a thickness of about 2 mm was formed from each of the alkaline 
battery separators prepared in Examples 1 to 10 and comparative Examples 1 to 6. A stainless steel jig (thickness = 
55 0.5 mm; angle of the blade edge = 60°) was thrust perpendicularly into the laminate from the top layer at a rate of 0.01 
cm/s, and the force required to cut the top layer was measured. The ratio of the force required to cut the top layer of 
each separator to the standard force (100) required to cut the top layer of the separator prepared in comparative 
Example 5 because the index (%) of resistance to penetration. 
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Table 1 





Proportions of fibers (mass %) 


Properties as separator 


A 


B 


C 


1 


2 


3 


Example 1 


60 


20 


20 


18 


294 


111 


Example 2 


50 


20 


30 


15 


274 


120 


Example 3 


40 


20 


40 


13 


245 


129 


Example 4 


40 


25 


35 


13 


240 


125 


Example 5 


40 


25 


35 


13 


248 


154 


Example 6 


60 


20 


20 


18 


298 


135 


Example 7 


50 


20 


30 


15 


280 


150 


Example 8 


40 


20 


40 


13 


246 


168 


Example 9 


40 


25 


35 


15 


256 


155 


Example 10 


40 


25 


35 (25+10) 


17 


260 


210 


Comparative Example 1 


80 


20 


0 


20 


314 


93 


Comparative Example 2 


70 


20 


10 


19 


304 


98 


Comparative Example 3 


30 


20 


50 


12 


176 


136 


Comparative Example 4 


50 


20 


30 


15 


167 


98 


Comparative Example 5 


40 


25 


35 


13 


172 


100O 


Comparative Example 6 


45 


25 


30 


18 


105 


158 



25 In Table 1 , (A) denotes a mass percentage of the polyolef in dividable composite fibers in the whole constitutional fibers; 
(B) denotes a mass percentage of the eccentric heat-sensitive-adhesive composite fibers in the whole constitutional 
fibers; (C) denotes a mass percentage of the high-strength polypropylene fibers in the whole constitutional fibers [in 
Example 1 0, (C) denotes the sum (35 mass %) of 25 mass % of the high-strength polypropyrene fibers and 1 0 mass 
% of the ultra-high-strength polyethylene fibers]; (1) denotes a capacity for holding electrolyte under pressure; (2) 

30 denotes a tensile strength; and (3) denotes an Index of resistance to penetration. 

[0084] As above, the alkaline battery separators prepared in Examples 1 to 1 0 have a practical and sufficient capacity 
for holding electrolyte under pressure, and a required tensile strength. Further, they have an excellent index of resist- 
ance to penetration, i.e., break strength, and therefore, have a long life, exhibit a low fraction defective, and show a 
low variability of battery performance. 

35 

(4) Test for performance of internal pressure 

[0085] As a current collector of electrodes, a paste nickel positive electrode (width = 33 mm; length = 182 mm) 
prepared from a foamed nickel base, and a paste hydrogen-occluded alloy negative electrode (mesh metal alloy; width 

40 = 33 mm; length = 247 mm) were formed. Each of the alkaline battery separator prepared in Examples 4 and 9 was 
cut into a separator sample (width = 35 mm; length = 410 mm). The separator sample was sandwiched between the 
positive and negative electrodes and rolled into a voluted form to obtain SC type electrodes. The electrodes were put 
into an outer container, 5N potassium hydroxide and 1N lithium hydroxide were poured in as electrolytes, and the 
container was sealed to obtain a cylindrical nickel-hydrogen battery. 

45 [0086] Then, the battery was discharged at 0.5 C (coulomb) and 20 °C, and the internal pressure of the battery at a 
volume of 150 % was measured. In comparison with the internal pressure (100) of the battery prepared from the 
separator of Example 4, the internal pressure of the battery prepared from the separator of Example 9 was 70. This 
shows that the battery prepared from the separator of Example 9 does not suffer a leakage of an electrolyte when 
over-charged. 

50 

INDUSTRIAL APPLICABILITY 

[0087] The alkaline battery separator of the present invention exhibits an excellent breaking strength. For example, 
when the alkaline battery separators are rolled together with electrodes plates upon assembling an alkaline battery, 
55 there is very little breakage of the separators by contact with edges of the electrode plates. Further, the alkaline battery 
separator of the present invention has practical and sufficient tensile strength and electrolyte-holding capacity proper- 
ties. 
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Claims 

1. An alkaline battery separator comprising a hydrophilic nonwoven fabric obtainable by heat-fusing and hydro-en- 
tangling (1 ) polyolefin dividable composite fibers having an average fiber length of 20 to 60 mm, (2) high-strength 

5 fibers having an average fiber length of 30 to 60 mm and a fiber strength of 5 g/denier or more, and (3) polyolefin 

heat-sensitive-adhesive fibers having an average fiber length of 30 to 60 mm, said polyolefin heat-sensitive-ad- 
hesive fiber containing a polyolefin adhesive portion having a melting point lower than a melting point of said 
polyolefin dividable composite fiber and lower than a melting point of said high-strength fiber, to obtain a heat- 
fused and hydro-entangled nonwoven fabric, and imparting a hydrophilic property to the resulting heat-fused and 

10 hydro-entangled nonwoven fabric; said high-strength fibers accounting for 20 to 45 mass % with respect to a total 

mass of said polyolefin dividable composite fibers, said high-strength fibers and said polyolefin heat-sensitive- 
adhesive fibers. 

2. The alkaline battery separator according to claim 1 , wherein constitutional resin components of said polyolefin 
15 dividable composite fiber are a combination of two resin components selected from the group consisting of poly- 
ethylene, polypropylene, ethylene-propylene copolymer, ethylene-butene-propylene copolymer, and ethylene-vi- 
nyl alcohol copolymer. 

3. The alkaline battery separator according to claim 2, wherein constitutional resin components of said polyolefin 
20 dividable composite fiber are a combination of polyethylene and polypropylene. 

4. The alkaline battery separator according to claim 2, wherein constitutional resin components of said polyolefin 
dividable composite fiber are a combination of high-density polyethylene and polypropylene. 

25 5. The alkaline battery separator according to claim 2, wherein constitutional resin components of said polyolefin 
dividable composite fiber are a combination of ethylene-vinyl alcohol copolymer and polypropylene. 

6. The alkaline battery separator according to claim 1 , wherein an average fiber diameter of fine fibers divided from 
said polyolefin dividable composite fiber is 1 to 10 

30 

7. The alkaline battery separator according to claim 1 , wherein said polyolefin dividable composite fibers account for 
30 to 60 mass % with respect to a total mass of said polyolefin dividable composite fibers, said high-strength fibers 
and said polyolefin heat-sensitive-adhesive fibers. 

35 8. The alkaline battery separator according to claim 1 , wherein said high-strength fiber is polypropylene or polyeth- 
ylene fiber. 

9. The alkaline battery separator according to claim 8, wherein said high-strength fiber is polyethylene fiber having 
a fiber strength of 25 g/denier or more. 

40 

10. The alkaline battery separator according to claim 1 , wherein said polyolefin heat-sensitive-adhesive fiber contains, 
as an adhesive component, polyethylene, polypropylene, ethylene-propylene copolymer, or ethylene-butene-pro- 
pylene copolymer. 

45 11. The alkaline battery separator according to claim 10, wherein said polyolefin heat-sensitive-adhesive fiber is a 
wholly fusible fiber consisting essentially of a polyolefin adhesive component, or a partially fusible fiber containing 
two or more resin components and carrying a polyolefin adhesive component on a fiber surface. 

12. The alkaline battery separator according to claim 1 , wherein said polyolefin heat-sensitive-adhesive fibers account 
so for 1 0 to 40 mass % with respect to a total mass of said polyolefin dividable composite fibers, said high-strength 

fibers and said polyolefin heat-sensitive-adhesive fibers. 

13. A process for producing an alkaline battery separator comprising steps of: 

55 substantially uniformly admixing (1) polyolefin dividable composite fibers having an average fiber length of 20 

to 60 mm, (2) high-strength fibers having an average fiber length of 30 to 60 mm and a fiber strength of 5 g/ 
denier or more, and (3) polyolefin heat-sensitive-adhesive fibers having an average fiber length of 30 to 60 
mm, said polyolefin heat-sensitive-adhesive fiber containing a polyolefin adhesive portion having a melting 
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point lower than a melting point of said polyolefin dividable composite fiber and lower than a melting point of 
said high-strength fiber, to form a fiber web, said high-strength fibers accounting for 20 to 45 mass % with 
respect to a total mass of said polyolefin dividable composite fibers, said high-strength fibers and said polyolefin 
heat-sensitive-adhesive fibers; 

5 subjecting the resulting fiber web to a heat-fusing treatment and a hydro-entangling treatment, to obtain a 

heat-fused and hydro-entangled non woven fabric; and then, 

imparting a hydrophilic property to the resulting heat-fused and hydro-entangled nonwoven fabric. 

14. The process according to claim 13, wherein said fiber web is formed by a dry-laid method. 

10 

15. The process according to claim 14, wherein said fiber web is formed by mixing said polyolefin dividable composite 
fibers, said high-strength fibers and said polyolefin heat-sensitive-adhesive fibers, then adding a lubricating oil 
thereto, and thereafter forming said fiber web by said dry-laid method. 

15 16. The process according to claim 15, wherein said lubricating oil is added in an amount of 0.5 to 3 mass % with 
respect to a total mass of fibers. 

17. The process according to claim 1 3, wherein said fiber web is heated to obtain a pre-fused web; the resulting pre- 
fused web is hydro-entangled; and then the resulting hydro-entangled web is fused. 

20 

Patentanspruche 

1. Trennschicht fur Alkalibatterien, die ein hydrophiles Nonwoven (1) umfasst, das durch Warmeverschmelzen und 
25 Wasserstrahlen-Verwirbeln von aufteilbaren Polyolefinverbundfasern mit einer mittleren Faserlange von 20 bis 60 

mm, hochfesten Fasem (2) mit einer mittleren Faserlange von 30 bis 60 mm und einer Faserfestigkeit von 5 g/ 
Denier Oder hoher und warmeempfin ditch en haftfahigen Polyolefinfasern (3) mit einer mittleren Faserlange von 
30 bis 60 mm, wobei die warmeempfin dliche haftfahige Polyolefinfaser einen haftfahigen Polyolefinbestandteil 
enthalt, dessen Schmelzpunkt niedriger als derjenige der aufteilbaren Polyolefinverbundfaser und der hochfesten 
30 Faser ist, urn ein warmeverschmolzenes, durch Wasserstrahlen verwirbeltes Nonwoven zu erhalten, und dem 

resultierenden warmeverschmolzenen, durch Wasserstrahlen verwirbelten Nonwoven hydrophile Eigenschaften 
verleihen erhaltlich ist, wobei die hochfesten Fasern 20 bis 45 Gew.% der Gesamtmasse aus aufteilbaren Polyo- 
lefinverbundfasern, hochfesten Fasern und warmeempfindlichen haftfahigen Polyolefinfasern ausmachen. 

35 2. Trennschicht fur Alkalibatterien nach Anspruch 1 , wobei die aus Harz bestehenden Komponenten der aufteilbaren 
Polyolefinverbundfaser eine Kombination von zwei Harz-Komponenten sind, die aus der Gruppe ausgewahlt sind, 
die aus Polyethylen, Polypropylen, Ethylen-Propylen-Copolymer, Ethylen-Buten-Propylen-Copolymer und Ethy- 
len-Vinylalkohol-Copolymer besteht. 

40 3. Trennschicht fur Alkalibatterien nach Anspruch 2, wobei die aus Harz bestehenden Komponenten der aufteilbaren 
Polyolefinverbundfaser eine Kombination aus Polyethylen und Polypropylen sind. 

4. Trennschicht fur Alkalibatterien nach Anspruch 2, wobei die aus Harz bestehenden Komponenten der aufteilbaren 
Polyolefinverbundfaser eine Kombination aus Polyethylen hoher Dichte und Polypropylen sind. 

45 

5. Trennschicht fur Alkalibatterien nach Anspruch 2, wobei die aus Harz bestehenden Komponenten der aufteilbaren 
Polyolefinverbundfaser eine Kombination aus Ethylen-Vinylalkohol-Copolymer und Polypropylen sind. 

6. Trennschicht fur Alkalibatterien nach Anspruch 1 , wobei der mittlere Durchmesser der feinen Fasern, die aus der 
so aufteilbaren Polyolefinverbundfaser abgetrennt worden sind, 1 bis 10 nm betragt. 

7. Trennschicht fur Alkalibatterien nach Anspruch 1 , wobei die aufteilbaren Polyolefinverbundfasern 30 bis 60 Gew. 
% der Gesamtmasse aus den aufteilbaren Polyolefinverbundfasern, den hochfesten Fasern und den warmeemp- 
findlichen haftfahigen Polyolefinfasern ausmachen. 

55 

8. Trennschicht fur Alkalibatterien nach Anspruch 1 , wobei die hochfeste Faser eine Polypropylen- Oder Polyethy- 
lenfaser ist. 
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9. Trennschicht fur Alkali batterien nach Anspruch 8, wobei die hochfeste Faser eine Polyethylenfaser mlt einer Fa- 
serfestigkeit von 25 g/Denier Oder hoher 1st. 

10. Trennschicht fur Alkalibatterien nach Anspruch 1 , wobei die warmeempfindliche haftfahige Polyolefinfaserals haft- 
5 fahige Komponente Polyethylen, Polypropylen, Ethylen-Propylen-Copolymer oder Ethylen-Buten-Propylen-Copo- 

lymer enthalt. 

11. Trennschicht fur Alkalibatterien nach Anspruch 10, wobei die warmeempfindliche haftfahige Polyolefinfaser eine 
vollstandig schmelzbare Faser, die im Wesentlichen aus einer haftfahigen Polyolefinkomponente besteht, oder 

10 eine teilweise schmelzbare Faser, die zwei oder mehr Komponenten aus Harz enthalt und eine haftfahige Polyo- 

lefinkomponente auf der Faseroberflache tragt, ist. 

12. Trennschicht fur Alkalibatterien nach Anspruch 1 , wobei die warm eempfind lichen haftfahigen Polyolefinfasem 10 
bis 40 Gew.% der Gesamtmasse aus den aufteilbaren Polyolefinverbundfasern, den hochfesten Fasern und den 

15 warmeempfindlichen haftfahigen Polyolefinfasem ausmachen. 

13. Verfahren zur Herstellung einer Trennschicht fur Alkalibatterien, das die Stufen: 

im Wesentlichen gleichmaBiges Vermischen der aufteilbaren Polyolefinverbundfasern (1) mit einer mittleren 
20 Faserlange von 20 bis 60 mm, der hochfesten Fasem (2) mit einer mittleren Faserlange von 30 bis 60 mm 

und einer Faserfestigkeit von 5 g/Denier oder hoher und der warmeempfindlichen haftfahigen Polyolefinfasem 
(3) mit einer mittleren Faserlange von 30 bis 60 mm, wobei die warmeempfindliche haftfahige Polyolefinfaser 
einen haftfahigen Polyolefinbestandteil mit einem Schmelzpunkt enthalt, der niedriger als derjenige der auf- 
teilbaren Polyolefinverbundfaser und der hochfesten Faser ist, urn ein Fasergewirrzu bilden, wobei die hoch- 
25 festen Fasern 20 bis 45 Gew.% der Gesamtmasse aus den aufteilbaren Polyolefinverbundfasern, den hoch- 

festen Fasern und den warmeempfindlichen haftfahigen Polyolefinfasem ausmachen, 

das resultierende Fasergewirr einer Warme-Schmelz-Behandlung und einer durch Wasserstrahlen verwir- 
belnden Behandlung zu unterziehen, urn ein warmeverschmolzenes, durch Wasserstrahlen verwirbeltes Non- 
30 woven zu erhalten, und 

dem resultierenden warmeverschmolzenen, durch Wasserstrahlen verwirbelten Nonwoven hydrophile Eigen- 
schaften verleihen 

35 umfasst. 

14. Verfahren nach Anspruch 13, wobei das Fasergewirr durch trockenes Ablegen gebildet wird. 

15. Verfahren nach Anspruch 14, wobei das Fasergewirr durch Vermischen der aufteilbaren Polyolefinverbundfasern, 
40 der hochfesten Fasern und der warmeempfindlichen haftfahigen Polyolefinfasem, anschlieBendes Zugeben eines 

Gleitols und danach Ausbilden dieses Fasergewirrs durch trockenes Ablegen gebildet wird. 

16. Verfahren nach Anspruch 15, wobei das Gleitol in einem Anteil von 0,5 bis 3 Gew.% der Gesamtmasse der Fasern 
zugegeben wird. 

45 

17. Verfahren nach Anspruch 13, wobei das Fasergewirr erwarmt wird, urn ein vorverschmolzenes Fasergewirr zu 
erhalten, das resultierende vorverschmolzene Fasergewirr durch Wasserstrahlen verwirbelt und anschlieBend das 
resultierende, durch Wasserstrahlen verwirbelte Fasergewirr verschmolzen wird. 

50 

Revendications 

1. Separateur de pile alcaline comprenant une etoffe hydrophile non tissee pouvant etre obtenue par fusion a la 
chaleur et emmelement a I'eau (1) de fibres composites divisibles de polyolefine ayant une longueur de fibre 
55 moyenne de 20 a 60 mm, (2) de fibres a resistance §levee ayant une longueur de fibre moyenne de 30 a 60 mm 

et une resistance de fibre de 5 g/denier ou plus, et (3) de fibres adhesives sensibles a la chaleur de polyolefine 
ayant une longueur de fibre moyenne de 30 a 60 mm, ladite fibre adhesive sensible a la chaleur de polyolefine 
contenant une partie adhesive de polyolefine ayant un point de fusion plus bas que le point de fusion de ladite 
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fibre composite divisible de polyolefine et plus bas que le point de fusion de ladite fibre k resistance elevee, pour 
obtenir une etoffe non tissue f usionn6e k la chaleur et emmeiee k I'eau, et communiquant une propriete hydrophile 
k I'etoffe non tissue fusionnee a la chaleur et emmeiee k I'eau resultante ; lesdites fibres a resistance elevee 
comptant pour 20 k 45 % en masse par rapport k une masse totale desdites fibres composites divisibles de po- 
5 lyolefine desdites fibres k resistance elevee et desdites fibres adhesives sensibles a la chaleur de polyolefine. 

2. Separateur de pile alcaline selon la revendication 1 , dans lequel des composes de resine constitutionnels de ladite 
fibre composite divisible de polyolefine sont une combinaison de deux composes de resine choisis k partir du 
groupe constitue d'un polyethylene, d'un polypropylene, d'un copolymere d'ethylene-propylene, d'un copolymere 

10 d'etylene-butene-propytene et d'un copolymere d'ethylene-vinyle alcool. 

3. Separateur de pile alcaline selon la revendication 2, dans lequel des composes de resine constitutionnels de ladite 
fibre composite divisible de polyolefine sont une combinaison d'un polyethylene et d'un polypropylene. 

15 4. Separateur de pile alcaline selon la revendication 2, dans lequel des composes de resine constitutionnels de ladite 
fibre composite divisible de polyolefine sont une combinaison d'un polyethylene et d'un polypropylene a haute 
densite. 

5. Separateur de pile alcaline selon la revendication 2, dans lequel des composes de resine constitutionnels de ladite 
20 fibre composite divisible de polyolefine sont une combinaison d'un copolymere d'ethylene-vinyle alcool et de po- 
lypropylene. 

6. Separateur de pile alcaline selon la revendication 1 , dans lequel un diametre de fibre moyen de fibres fines divisees 
k partir de ladite fibre composite divisible de polyolefine est de 1 k 10 jim. 

25 

7. Separateur de pile alcaline selon la revendication 1 , dans lequel lesdites fibres composites divisibles de polyolefine 
comptent pour 30 a 60 % en masse par rapport a une masse totale desdites fibres composites divisibles de po- 
lyolefine, desdites fibres k resistance elevee et desdites fibres adhesives sensibles k la chaleur de polyolefine. 

30 8. separateur de pile alcaline selon la revendication 1 , dans lequel ladite fibre a resistance elevee est une fibre de 
polypropylene ou de polyethylene. 

9. Separateur de pile alcaline selon la revendication 8, dans lequel ladite fibre a resistance elevee est une fibre de 
polyethylene ayant une resistance de fibre de 25 g/denier ou plus. 

35 

10. Separateur de pile alcaline selon la revendication 1, dans lequel ladite fibre adhesive sensible a la chaleur de 
polyolefine contient, en tant que compose adhesif, un polyethylene, un polypropylene, un copolymere d'ethylene- 
propylene, ou un copolymere d'etylene-butene-propylene.' 

40 11. separateur de pile alcaline selon la revendication 10, dans lequel ladite fibre adhesive sensible a la chaleur de 
polyolefine est une fibre totalement fusible constituee essentiellement d'un compose adhesif de polyolefine, ou 
d'une fibre partiellement fusible contenant deux composes de resine, ou plus, et portant, sur une surface de fibre, 
un compose adhesif de polyolefine. 

45 12. separateur de pile alcaline selon la revendication 1 , dans lequel lesdites fibres adhesives sensibles k la chaleur 
de polyolefine comptent pour 10 k 40 % en masse par rapport k une masse totale desdites fibres composites 
divisibles de polyolefine, desdites fibres a resistance elevee et desdites fibres adhesives sensibles k la chaleur 
de polyolefine. 

so 13. Procede de production d'un separateur de pile alcaline comprenant les etapes dans lesquelles : 

on melange de maniere additionnelle sensiblement uniformement (1 ) des fibres composites divisibles de po- 
lyolefine ayant une longueur de fibre moyenne de 20 a 60 mm, (2) des fibres a resistance elevee ayant une 
longueur de fibre moyenne de 30 a 60 mm et une resistance de fibre de 5 g/denier ou plus, et (3) des fibres 
55 adhesives sensibles a la chaleur de polyolefine ayant une longueur de fibre moyenne de 30 k 60 mm, ladite 

fibre sensible k la chaleur de polyolefine contenant une partie adhesive de polyolefine ayant un point de fusion 
plus bas que le point de fusion de ladite fibre composite divisible de polyolefine et plus bas que le point de 
fusion de ladite fibre a resistance elevee, pour former une bande de fibres, lesdites fibres a resistance elevee 
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comptant pour 20 a 45 % en masse par rapport a une masse totale desdites fibres composites divisibles de 
poiyolefine, desdites fibres a resistance 6lev6e et desdites fibres adh6sives sensibles a la chaieur de 
poiyolefine ; 

on soumet la bande de fibres resultante a un traitement de fusion a la chaieur et a un traitement d'emmeiement 
5 & Teau, pour obtenir une 6toffe non tissue fusionnee a la chaieur et emmelee a I'eau ; et ensuite, 

on communique une propriete hydrophile a Petoffe non tissee fusionnee a la chaieur et emmelee a I'eau re- 
sultante. 

14. Procede selon la revendication 13, dans lequel ladite bande de fibres est formee par un procede de depot a sec. 

10 

15. Procede selon la revendication 14, dans lequel ladite bande de fibres est formee par melange desdites fibres 
composites divisibles de poiyolefine, desdites fibres a resistance 6levee et desdites fibres adhesives sensibles a 
la chaieur de poiyolefine, puis, par addition a celles-ci d'une huile de lubrification et, apres cela, par formation de 
ladite bande de fibres par ledit procede de depot a sec. 

15 

16. Procede selon la revendication 15, dans lequel on ajoute ladite huile de lubrification selon une quantite de 0,5 a 
3 % en masse par rapport a une masse totale de fibres. 

17. Procede selon la revendication 13, dans lequel ladite bande de fibres est chauffee pour obtenir une bande 
20 prefusionnee ; la bande de fibres resultante est emmelee a I'eau ; et ensuite, la bande emmelee a Teau resultante 

est fusionnee. 
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